INTRODUCTION
The rotavirus genome comprises 11 segments of dsRNA. All rotaviruses were thought to contain a common group-specific antigen, until several viruses were described which did not possess this antigen and were called atypical. Pedley et al. (1983) defined three rotavirus groups, group A containing the original viruses and groups B and C the atypical viruses. Since then two further groups of atypical rotaviruses have been described (Pedley et al., 1986) . Besides serological differences between the group A viruses and viruses of the other groups, Pedley et al. (1986) found that the genome profiles were distinct. The genome of the group A viruses was defined as comprising four high mol. wt. dsRNA segments (1 to 4), five middle-sized segments (5 to 9) including a distinctive triplet of segments (7 to 9) and two smaller segments (I0 and l I). Although variation in genome profile has been observed with group A viruses, in most cases this basic pattern has been maintained. In 1980, however, Espejo et al. described rotavirus isolates in which the electrophoretic migration of segments 10 and 11 was less than that seen in other isolates and called them short profile viruses. This was followed by a description of the super short profile (Hasegawa et al., 1984) in which segment 10 migrated just below the segments 7, 8 and 9 triplet. In the same year, Pedley et al. (1984) described the isolation of group A rotaviruses, from chronically infected immunodeficient children, whose genome profiles contained additional RNA segments migrating between segments 1 and 7. These additional segments contained sequences homologous to normal rotavirus segments. More recently there have been reports (Besselaar et al., 1986; Pocock, 1986; Thouless et al., 1986) of group A rotaviruses from man, calves and rabbits, in which segment 11 was absent but an extra middle-sized segment between segments 6 and 7 was observed.
This paper describes the isolation in cell culture of two bovine rotaviruses with unusual genome profiles, analysis of the virus-induced intracellular polypeptides, characterization of the viral RNA transcription products and the coding assignment of the aberrant dsRNA segment.
D. H. POCOCK METHODS
Viruses and cell cultures. The three bovine rotaviruses used in this study were the UK strain and two isolates (C7-176 and C7-183) which had unusual RNA profiles (Pocock, 1986) . The latter two isolates were detected by a group A-specific enzyme-linked immunosorbent assay (Reynolds et al., 1984) .
The continuous rhesus monkey kidney cell line MA104 (Microbiological Associates, Los Angeles, Ca., U.S.A.) was grown in Eagle's MEM containing 5~ foetal calf serum. Prior to inoculation with rotavirus, confluent monolayers of cells were incubated for 16 h with serum-free medium.
Virus isolation and cloning. The methods for the primary isolation of rotavirus described by Fukusho et al. (1981) and Murakami et al. (1983) were used, including the treatment of faecal virus with trypsin prior to inoculation onto rolled cultures of MA104 cells.
Faecal suspension (10~) containing either C7-176 or C7-183 were extracted with an equal volume of fluorocarbon (Arklone-P, ICI). The virus was pelleted from the aqueous phase by centrifugation at 75000g for 90 min, resuspended in 0.02 M-Tris-HC1 buffer (TB) pH 7.4 and stored at -70 °C. This material was diluted tenfold with serum-free medium containing 5 ~tg/ml trypsin (type XI, Sigma) and incubated at 37 °C for 30 min, prior to inoculation onto tube cultures of MA104 cells. After adsorption the inoculum was removed, the cell sheets were washed and incubated in serum-free medium containing 0.5 ~tg/ml trypsin. The tubes were rolled at 37 °C and observed daily for c.p.e. When the c.p.e, affected > 50~ of the cell sheet the tubes were frozen at -70 °C, thawed, the cell debris was removed by low speed centrifugation and the supernatant stored at -70 °C for further passage.
After three serial passages the viruses were cloned three times by plaque purification. Plaques were produced in Petri dishes of MA104 cells under serum-free medium containing 0.5 ~tg/ml trypsin and 0.6~ agarose (Miles). One passage in tube cultures was performed between each plaque passage.
Viral RNA analysis. Cell culture-grown virus was concentrated by centrifugation at 75 000 g, the viral RNA was extracted and 3' terminally labelled with [32p]pCp by the method of Clarke & McCrae (1981) as described by Pocock (1986) . The RNA was electrophoresed in 10~ polyacrylamide gels at 20mA for 16h using the discontinuous buffer system of Laemmli (1970) . The RNA bands were located in the dried gels by autoradiography on Fuji RX X-ray film.
Intracellular viral polypeptide analysis. Confluent monolayers of MA104 cells were inoculated with the virus isolates at a m.o.i, between 1 and 10 and incubated at 37 °C for 16 h. After incubation for 1 h in methionine-free medium the cells were pulse-labelled for 3 h in methionine-free medium containing 25 ~tCi/ml L-[3SS]methionine ([35S]Met; > 800 Ci/mmol, Amersham). At the end of the labelling period the medium was removed, the cell sheets were washed with cold isotonic (6~o) glucose and the cells lysed in Laemmli's sample buffer [62.5 mM-Tris HC1 pH 6.8, 2 ~ SDS, 2 ~ 2-mercaptoethanol, 10 ~ glycerol containing bromophenol blue (BPB) as marker]. The samples were boiled for 2 rain and the DNA was sheared by passage through a 25-gauge needle. Electrophoresis was carried out in 10~o polyacrylamide gels (Laemmli, 1970) at 100 V constant voltage until the BPB dye band was 1 cm from the bottom of the gel. The gels were soaked in En3Hance (New England Nuclear) before drying, and fluorographed at -70 °C with preflashed X-ray film.
Apparent mol. wt. for the viral polypeptides were determined by comparison with standard protein mol.wt. markers electrophoresed on the same gel. The protein standards used were a high mol. wt. standard mixture (Sigma) containing myosin (mol. wt. 205 000), fl-galactosidase (116000), phosphorylase B (97 400), bovine serum albumin (66000), ovalbumin (45000) and carbonic anhydrase (29000) with the addition of lysozyme (14300).
Transcription ofrotavirus RNA in vitro. The transcription in vitro of rotavirus genomic dsRNA segments by the virion-associated RNA-dependent RNA polymerase was carried out as described by Cohen (1977) and Mason et al. (1980) . UK and C7-183 viruses grown in cell culture were pelleted by centrifugation at 75000g and resuspended in 0.02 M-TB pH 7.4. The concentrated virus was layered onto preformed CsCI gradients (density 1.1 to 1.45 g/ml) and centrifuged at 100000g for 4h. After fractionation the virus-containing band was detected by A26 o measurement and the relevant fractions were dialysed against sterile distilled water and stored at -70 °C. The concentration of virus was calculated on the basis that 5.4 A 26o was equivalent to 1 mg virus/ml as determined for reovirus (Lai & Joklik, 1973) .
The method of Flores et al. (1982) was used for the transcription in vitro of rotavirus RNA. Briefly, 100 gl containing 10 to 20 ~tg of purified virus was added to 150 p.1 of reaction mixture containing 100 mM-TB pH 8-0, 2.5 mM-CTP and -GTP, 10 mM-ATP, 0.625 mM-UTP, 10 mM-MgC12, 0.5 mM-S-adenosyl methionine, 0"l~o Macaloid (NL Industries, New Jersey, U.S.A), 50 ~tCi [~-3zp]UTP (3000 Ci/mmol; Amersham) and incubated at 43 °C for 5 h. The virus was removed by centrifugation at 75000g for 30 min and the RNA recovered from the supernatant by phenol/chloroform extraction and ethanol precipitation.
Separation and isolation of individual rotavirus RNA transcripts. Rotavirus RNA transcripts, from transcription in vitro, were treated with 5 mM-methylmercuric hydroxide (Ventron, F.R.G) for 5 to 10 min at room temperature and electrophoresed in 2~ low melting point agarose gels (Gibco/Bethesda Research Laboratories) with borate buffer pH 8.2 (50 mM-boric acid, 5 mM-sodium borate, 10 mM-sodium sulphate). Gels were cast in 0.6 cm diam. Translation of isolated rotavirus RNA transcripts. Individual rotavirus RNA transcripts were translated with a rabbit reticulocyte lysate preparation (Anglian Biotechnology, Colchester, U.K.) following the manufacturer's protocol. Prior to translation the RNA was treated with 5 mM-methylmercuric hydroxide for 5 to 10 min at room temperature and translation reactions were performed at 30 °C for 1 h in the presence of 1 ~Ci/~tl [35S]Met. Translation products were analysed by diluting 5 ~1 translation mixture with 50 pl of Laemmli's sample buffer and electrophoresis at 100 V in 10~ polyacrylamide gels.
RESULTS

Genome profiles of the cloned viruses
Rotaviruses C7-176 and C7-183 grew readily in cell cultures and produced extensive c.p.e, at the first passage. After cloning, the genomic R N A profiles showed that both viruses had retained their unusual profiles (Fig. 1) , with the absence of a band in the segment 11 region of the gel and an extra band between segments 6 and 7, labelled 6a. The triplet of segments 7, 8 and 9, characteristic of group A rotaviruses, was retained by these strains. When compared to the U K strain these profiles also showed the type of genomic variation previously reported (Rodger & Holmes, 1979) with differences in segments 1, 3, 4, 5, 6 and 10. When compared to each other the only variation observed was a small difference in mobility of segment 3 (see lanes a and e in Fig. 1) . 
Virus-induced intracellular polypeptides
Twelve viral potypeptides, labelled vpl to vpl2, were identified in cells infected with the U K strain (Fig. 2) , in agreement with the published results for this strain (McCrae & Faulkner-Valle, 1981 ) and simian rotavirus SA11 (Ericson et al., 1982) . Both vp3 and vpl I were seen as faint bands, with vp3 migrating just above the more prominent vp4 band. This pattern of polypeptides was also found for the C7-176 and C7-183 strains, although differences in the migration of vp4, vpl0 and vpl 1 differentiated them from the U K strain. The polypeptide vpl 1, shown to be the translation product of rotavirus segment 11 (Dyall-Smith & Holmes, 1981; McCrae & McCorquodale, 1982a) was detected and therefore encoded by an alternative segment. Other protein bands seen in the profiles of these strains corresponded to bands found in the cell controls.
Viral RNA transcripts produced by UK and C7-183 viruses
Electrophoretic separation of UK and C7-183 viral RNA transcripts (Fig. 3) showed that the patterns produced reflected the size range of the genomic dsRNA profiles. The C7-183 transcript that migrated between the UK transcripts 6 and 7, labelled 6a, was assumed to be the product of the aberrant genomic segment 6a.
Coding assignment of UK and C7-183 RNA transcripts 6 to 11
UK and C7-183 RNA transcripts 6 to 11 were isolated from agarose gel slices by electroelution, with recoveries of 80 to 90 ~. No attempt was made to separate RNA transcripts 7, 8 and 9, from either virus, as under the conditions used they migrated as a single band. Translation of the total transcript mixtures from both viruses gave similar patterns (Fig. 4) . Besides the polypeptides labelled vp 1 to vp l 2, other minor bands were seen that did not appear in the unprimed translation mixture. These bands were not consistently observed and their origin remains obscure. Translation o f U K RNA transcripts 6, 10 and 11 produced polypeptides corresponding to vp6, vpl2 and vpl I respectively, in agreement with published data (McCrae & McCorquodale, 1982a) . The mixture of transcripts 7, 8 and 9 produced apparently only two polypeptide bands vp8 and vp9; however vpr7, the precursor of vp7 and the other product of this triplet, has been shown to have a mol. wt. similar to vp9 (McCrae & Faulkner-Valle, 1981) . C7-183 transcripts 6 and 10 were translated to vp6 and vpl2 and the mixture 7, 8 and 9 to vp8, vp9 and presumably vpr7 in agreement with those of the UK virus. Transcript 6a was shown to have the same coding assignment as UK transcript 11 and produced vpl 1, suggesting that in C7-183 the genomic segment 11 had been replaced by segment 6a. DISCUSSION This paper describes the characterization of two bovine group A rotaviruses, C7-176 and C7-183, having unusual genome profiles with no segment 11 but an extra segment between segments 6 and 7. The number and sizes of the intracellular polypeptides induced by these strains were similar to those produced by the UK virus, suggesting that the aberrant genome segment coded for a normal sized viral protein. Analysis of the transcription products of C7-183 in vitro revealed an abnormally large RNA transcript which when translated produced a single viral polypeptide, vpl 1. This polypeptide has been shown to be the product of UK segment 11 (McCrae & McCorquodale, 1982a) and therefore the unusual genome profiles of C7-176 and C7-183 resulted from an increase in size of the normal rotavirus segment 11.
Comparison of the genome profiles of group A rotaviruses with rotaviruses from other serogroups (Pedley et al., 1986) showed that the triplet of segments 7, 8 and 9 appeared to be diagnostic for group A viruses. Even though C7-176 and C7-183 showed unusual genome profiles for group A viruses, the characteristic triplet was still evident. So far few viruses from other serogroups have been analysed and therefore a new rotavirus isolate should not be assigned to a particular serogroup on its genome profile alone.
Variation in the size of segment 11 has been seen before in group A rotaviruses but not to such a large extent. In investigations of human rotaviruses, Espejo et at. (1980) and Rodger et at. (1981) showed that the viruses could be divided into two groups, termed short and long electropherotypes, according to their genome profiles. By gene coding assignment, this division was later shown to be due to an increase in the size of segment 11 in one group resulting in the short electropherotype (Dyall-Smith & Holmes, 1981) . This could also explain the super short RNA patterns described recently for other human rotavirus strains (Hasegawa et al., 1984; Albert, 1985) . However, the increase in size of segment 11 in both the short and super short viruses was not as great as seen with C7-176 and C7-183.
Other group A rotaviruses with abnormal genome profiles were isolated from chronically infected immunodeficient children (Pedley et al., 1984) . The RNA segments of increased size were derived from the segments of normal size by concatemer formation. When concatemeric segments were introduced into the UK virus by gene reassortment, Allen & Desselberger (1985) found that they performed the normal function of the replaced bovine rotavirus gene. Viruses with similar concatemeric segments were also produced by cell culture passage of UK rotavirus at high m.o.i. (Hundley et al., 1985) . This type of genomic rearrangement could explain the occurrence of the unusual genome segments seen in C7-176 and C7-183.
With methods now available for the molecular cloning and sequencing of rotavirus genomic segments (McCrae & McCorquodale, 1982 b; Both et al., 1982) and sequence data for segment 11 of both UK bovine and Wa human strains (Imai et al., 1983; Ward et al., 1985) it should be possible to determine the nature of the extra RNA joined to these unusual segments and these experiments are under way.
